assessed spirometrically, whereas reactive oxidant generation by circulating phagocytes, and plasma concentrations of the nutritional antioxidative nutrients vitamin C and vitamin E and carotene were measured with chemiluminescence, spectrophotometry, or high performance liquid chromatography respectively. Results-Cigarette smoking, but not mineral dust exposure, was associated with increased numbers and pro-oxidative activity of circulating neutrophils and monocytes, decreased plasma concentrations of vitamin C, and pulmonary dysfunction.
Discussion-In this study group occupational exposure to mineral dust has not been found to promote increases in the numbers or reactivity of circulating phagocytes or to be a significant cause of pulmonary dysfunction, the changes found being due primarily to cigarette smoking. ( 28 (1-2) 27 (1-7) 29 ( 2 3) 0
Results are expressed as mean (SEM).
particle-years. Table 1 shows a descriptive profile of these men classified by smoking. A non-occupationally exposed, control group of non-smokers comprising 33 white men with a mean (SEM) age of 36 (3) Table 3 shows these comparisons. Analysis of co-variance showed that vitamin E was affected by age and as significant age differences existed between the four groups, comparative data were adjusted for age. LECL responses were significantly increased in the mineworkers who smoked compared with all other groups (all comparisons P = 0O0001). The LECL values corrected for leucocyte count, as well as the total leucocyte and neutrophil counts were also significantly higher in the smokers (all comparisons P = 0 0001). The numbers of circulating monocytes too were significantly higher in the mineworkers who smoked (056 (0 01) v 0 43 (0 01) in non-smokers, 0A48 (0-03) in ex-smokers, and 0-41 (003) x 106/ml in controls; the P values for comparison of smokers with non-smokers, ex-smokers, and controls were 0-001, 0-02, and 0 0001 respectively). There were, however, no significant differences in the numbers of circulating lymphocytes, eosinophils, and basophils between the four study groups (data not shown). Plasma concentrations of vitamin C were decreased by 11% (P = 0O0106), 12% (P = 0O0120), and 24% (P = 0 0001) in the non-smokers, exsmokers, and smokers respectively in miners when compared with the control group. In the mineworkers, the smokers had less vitamin C in their plasma than the non-smokers (P = 0O0001) or ex-smokers (P = 00016). Vitamin E and fi carotene concentrations were not significantly different between the four groups, although mean concentrations of these were lower in smokers.
Discussion
Mineral dust exposure and cigarette smoking can independently lead to respiratory impairment.2736 Pulmonary dysfunction in cigarette smokers is probably due to the chronic destructive inflammatory events"'2' described previously. To further characterise these events in miners, and to determine whether occupation and cigarette smoking have interactive proinflammatory effects, leucocyte count, generation of reactive oxidants by activated blood phagocytes, plasma concentrations of the antioxidant nutrients vitamins C and E and ,6 carotene, and spirometric variables were investigated in goldminers who smoked, were ex-smokers, and non-smokers as well as in a group of controls.
Spirometric values for non-smokers in the mining and control groups were not significantly different, although those of the controls tended to be higher, particularly the maximal mid-expiratory flow. These slight differences may be due to the small numbers in the control group, or to relatively low levels of dust exposure in the mining group (± 10 000 particleyears). The spirometric values, particularly small airway functions, were significantly lower in the smokers than in the two nonsmoker groups. Although the values for smokers and ex-smokers did not differ significantly, those of the ex-smokers tended to be intermediate between those of the smokers and non-smokers.
The total leucocyte and neutrophil counts, as well as generation of reactive oxidants by blood phagocytes, did not differ significantly between the non or ex-smokers and the nonm.iing control group. This indicates the absence of a detectable systemic inflammatory process due to inhalation of mineral dust in this study group, but does not exclude the possibility that these events occur locally in the lung. In miners who smoked, pronounced increases in the leucocyte count and generation of reactive oxidants were noted, a finding in agreement with other studies.3738 The magnitudes of these differences were almost Table 3 Comparison ofPMA activated whole blood LECL responses, leucocyte counts, and plasma concentrations of vitamin C, vitamin E, and fl-carotene in mineworkers who were smokers, non-smokers, and ex-smokers, and controls who were non-exposed and non-smokers fl-carotene (ng/ml) 130 (10) 140 (10) 150 (20) 150 (20) Results are expressed as mean (SEM) except for vitamin E where the least square mean was used. *PMA activated whole blood luminol enhanced chemiluminescence.
tCorrected for leucocyte count and volume used in assay.
identical to those previously reported for cigarette smokers who were not exposed to mineral dusts in the workplace.38 These findings indicate that enhancement of proinflammatory indices and pulmonary dysfunction in this study group of miners are due primarily to cigarette smoking. Although plasma concentrations of vitamin C were significantly lower in all three groups of miners compared with the control group, this may be attributed to differences in the quality of diet between the miners and controls. 39 The controls were university students and members of staff. Oxidative stress related to physical activity within a dusty environment may also contribute to the decreases in plasma vitamin C found.Y' Concentrations of the lipid soluble antioxidants vitamin E and 1B carotene, on the other hand, were not significantly different in the mineworkers compared with the controls.
In conclusion, occupational exposure to mineral dust has not, in this study group, been shown to promote increases in the numbers or reactivity of circulating phagocytes or to be a significant cause of pulmonary dysfunction, most of the changes found being due primarily to cigarette smoking. Although mining in poorly controlled environments cannot be excluded as a risk factor for health, our findings support the contention that where exposure is not excessive, more benefit may be achieved by dissuading mine workers from smoking than by strategies aimed at achieving further reductions in dust levels. 4' 
